Hydraulic relationship between wetlands and lakes has become an important topic for the scientific and decision-making communities. Poyang Lake, an open freshwater lake in China, and the extensive floodplain wetland surrounding the lake, plays an important role in protecting the biodiversity of this internationally recognized wetland system. This paper is the first field-based study into an investigation of the groundwater dynamics in the floodplain wetland and the associated hydraulic relationship with the lake using hydrological, hydrochemical and stable isotope evidence, as exemplified by Poyang Lake wetland. Results show that groundwater stores within the floodplain wetland exhibit spatial and temporal variability in terms of the magnitudes of groundwater level variations. Floodplain groundwater fluctuations largely reflect patterns of the precipitation and the lake water level; however, the groundwater dynamics are highly affected by the variations in the lake water level, rather than local precipitation. Floodplain wetland is most likely to receive the lake water during spring and summer and may recharge the lake during periods of low lake water level.
INTRODUCTION
Biodiversity is severely threatened across the globe by environmental changes. This specifically applies to wetlands which harbour a high proportion of global biodiversity while deteriorating at an unprecedented pace exceeding that of other ecosystems (Millennium Ecosystem Assessment ). The importance of wetlands to biodiversity is now widely recognized and there is growing recognition of the importance of hydrological processes to many of these systems (Murray et al. ; Mitsch & Gosselink ) .
Geographically speaking, floodplain wetlands are a specific subset of wetland systems and are characterized by a seasonal and generally predictable wetting and drying that has important implications for future effects of climate and land use change (Hamilton et al. ) . This process can range from isolated, very shallow or even desiccated water bodies, to much deeper water bodies with respect to the flow regime of rivers or lakes (Frazier & Feng et al. b) . Therefore, investigation of the groundwater dynamics and the hydraulic relationship with associated lake water level changes is a first important step to understand how the wetland may be potentially affected by the lake and, in turn, how the wetland affects the local hydrology and water balance of the lake. Such an understanding is critical to help flood control, land use planning, and ecological conservation for both the lake and wetland.
However, to date, these scientific questions remain poorly understood due to data deficiencies in the floodplain wetland of Poyang Lake.
The specific objectives of this paper are to: (1) investigate the spatial-temporal dynamics of groundwater levels and the associated hydraulic relationship with the lake water level changes in the floodplain wetland of Poyang Lake, using statistical methods; and (2) apply hydrochemistry and stable isotope signatures from water sources (lake water, groundwater, and precipitation) to assess the hydraulic relationship between the floodplain groundwater and lake water.
MATERIALS AND METHODS

Study area
Poyang Lake is located at the south bank of the middle reaches of the Yangtze River, and has a catchment area of 1.62 × 10 5 km 2 (Shankman et al. ) . The lake has a maximum length and width of 173 km and 74 km, respectively (Figure 1(a) ). 85% of Poyang Lake has a water depth less than 6 m during flood seasons, indicating that the lake is generally shallow (Li et al. ) . Poyang Lake receives inflows predominantly from five major rivers, including the Ganjiang, Fuhe, Xinjiang, Raohe and Xiushui Rivers within its drainage catchment, and it subsequently discharges its water into the Yangtze River through a narrow outlet channel at the northern end of the lake (Figure 1 were measured in situ using a handheld meter with a probe.
All water samples were stored in 50 mL-volume amber-glass vials with screw tops for isotopic analysis and 500 mL bottles for hydrochemical analyses. The samples for anion and isotope testing were transported with ice bags and then refrigerated at approximately 4 W C until laboratory analysis.
Laboratory test and analysis
The oxygen and hydrogen isotope compositions were ana- concentrations (mg/L) was performed using an ion chromatography system (Dionex ICS-2000, USA).
Statistical analysis
Cross-correlation functions were adopted in this study to establish relationships between the input and output time series, and can be written as (Box et al. ) :
(1)
where k is the time lag, L is the length of the time series, x t and y t are input and output time series, respectively, 
where s and t are the scale and time parameter, respectively,
is the confidence level associated with the probability p, v is equal to 1 for real and 2 for complex wavelets
The wavelet coherence (WTC), which is defined as the coherence of the cross wavelet transform in time frequency space, can be written as (Torrence & Webster ; Grinsted Lake water level, while precipitation has a lagged effect on groundwater level dynamics, even though precipitation is concentrated in the wet seasons (Figure 3(a) ). That is, the floodplain groundwater of Poyang Lake is mainly driven, on a seasonal time scale, by the flow regime of the lake rather than meteorological forcings (e.g. rainfall events). It is expected that the differences in water levels of the flood- (Figure 4) . Additionally, the WTC results given in Figure 6 indicate that significantly high correlations are also present for all the gauging stations.
The correlation presents stronger seasonality at mediumhigh frequency (i.e. 8-64 days) for the time series (Figure 6 ).
Hydrochemistry and stable isotope characteristics
Surface water from Poyang Lake and precipitation are the sources of wetland groundwater, which is characterized by relatively low EC during different sampling seasons (Table 1) . Overall, groundwater across the floodplain wetland is characterized by similarly low conductivities, Table 1 | Hydrochemical composition of precipitation, lake water and groundwater in the study area (see Figure 2 for sampling locations) an isotopic signature almost identical to those of the lake water ( Figure 7) . That is to say, samples taken from the lake were closely related to those of the wetland groundwater, although the lake water samples during the February plot were relatively isolated from other two periods ( Figure 7 ). This result indicates that wetland groundwater has a direct hydraulic connection with the lake, especially during spring (April) and summer (June). This indicates that wetland groundwater is mainly fed by the rapidly rising lake water and large amounts of precipitation during rainy seasons (e.g. April and June; Figure 3) .
Additionally, the wetland groundwater may contribute to the lake water during the low lake level seasons (e.g. February). 
CONCLUSIONS
This paper is the first field-based study that investigates groundwater dynamics and responses within the large floodplain wetland system of Poyang Lake (China). The spatial and temporal variations in floodplain groundwater and the associated hydraulic relationship with the lake water were examined using hydrological, stable isotope and hydrochemical evidences. 
